
CHAPTER 4

2OOO IN-PLANT FISH ASSESSMENT

INTRODUCTION

This chapter reports on fish impingement at the San Onofre Nuclear Generating Station
(SONGS) in compliance with National Pollutant Discharge Elimination System (MDES)
requirements. The term "impingement" refers to entrapped fish that are killed in the SONGS
cooling system and are removed by haveling screens. This chapter summarizes in-plant fish
collection data for the year 2000 at San Onofre Units 2 and 3. San Onofre Unit 1 was taken out
of service in 1992 and did not operate in 2000. Since circulating water pumps were not in
service in 2000, no fish impingement samples could be taken, nor are they required by the
NPDES permit.

Also included in this chapter is a report on the operation and effectiveness of "Fish Chase"
procedures carried out in 2000 as a means of increasing fish survival at SONGS. The "Fish
Chase" is a procedure used at SONGS to remove as many fish as possible from the circulating
water system before heat treafinent procedures are begun to eliminate fouling organisms from
the systemr.

Fish enter Units 2 and3 of the generating station via seawater intakes supplying cooling water to
the station. Most of the fish are guided through the intake screenwell to the fish return system
and are returned to the ocean alive. Those remaining are impinged on the traveling screens and
are deposited in cbntainers for disposal. Estimates of the total number and weight of fish
impinged during normal plant operation, including heat treatment, and analysis of size (age) and
sex structue of select impinged species are presented in this report for Units 2 arrd 3 at SONGS.

I Information in this report regarding the Fish Chase procedure also meets requirements of Condition B of
the coastal development permit for SONGS (permit no. 6-81-330-4, formerly 183-73 issued by the
California Coastal Commission.
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METHODS

The analytical approach for this section utilizes tabular summaries of the number of individuals
and biomass of fish species impinged during normal operations and heat treatnents. The total
monthly normal operation catch is calculated by multiplying the nurnber of fish sampled during
one 24-hour p,?qod per calendar quarter by the amount of sJa water 'dampled during in. Z+-norri
sample divided by the total amount of sea water fumped during each month of the quarter- If a
heat treatrnent occurs dwing the month, those fish are added to the monthly totat. In other
words:
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I,= Estimated total impingement for month l.
i = Impinggd fishin sample(s) during euarter. *-

! 
= dmount of se3lgater sampled during imp!-ngement sample.

fo,: Total amounl, _of sea water pumped during month ,1.
h, = Imfinged"-frsf in heat treatmenti during rnonth l. 

'

After monthly impingement is calculated, the total annual impingement is determined by
summing the months for 2000.

In 1999, a new NPDES permit was issued to the San Onofre Nuclear Generating Station that
reduced the requirement for fish impingement monitoring from monthly samplin! to quarterly
sampling. This change went into effect in August 1999. For this reason, normal operation
samples were taken in 2000 during each of the four calendar quarters Qanuary-Marcta April-
Jule; July-september; and October-December. Impingement ior each month was calculited
using the sample data for the quarter in which ae montn-raus.

Length-frequency distributions of select species impinged in 2000 are constructed using samples
of a maximum of 125 individuals for ealh no.rnui operation and heat treatrrent ru*plr. iirn
were measured to the nearest millimeter. Sex ratios are estimated based on sub-samples of a
maximum of 50 individuals per sample. Data are presented separately for each unit.

HEAT TREATMENT SAMPLS

Heat treatrnents at San Onofre involve recirculating approximately two-thirds of the normal
discharge flow back through the condenser to achieve-i temperature of 105"F (41"C) in the
screenwell to control biofouling. The intake conduit is heat treated in this mzrnner on an as-
required schedule based upon a biofouling growth model (LCMR lg77) and operational
requirements of the plant. During the heat treaffnent process, fish residing in the screenwell die
due to the elevated temperatures. The dead fish are removed by scrJens and collected by
biologists who separate them by species. They are then counted, weighed, and sub-samples are
measured and their sex determined.
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FISII CHASE

A ..fish chase,, procedure has been developed at SoNGS to reduce the impact on fish

populations by mi-nimizing the number of fish killed during heat treatnents'

Many fish accumulate in the cooling water system bgtrvegn heat treatrnents, often residing in

habitat provided by gate slots and otf,er structures within the system. Without the *fish chase"

procedure, all fish r"liaiog in the circulating water system at the time of the heat treatnent likely

would be killed.

The fish chase is a procedure unique to SONGS. It was developed to allow live fish to move out

of the circulating w4ter system before beginning the heaj treatment. This is accomplished by

slowly manipulating-rrorr-ouer gates in tf,e viclnity of the screenwell, where most of the fish

reside. This operati-on re-circulates effluent water ro thut the water is slowly warmed' The gate

manipulations also create eddy currents that will dislodge fish that have conglegated in areas of

low flow. The elevated temperatures and new flow patterns are intended to agitate fish enough

that they will seek new habiiat and will find their way into the fish return elevator for release

back to the ocean. The fish chase is monitored by a biologist to assure that the fish are not

overly stressed by the procedure. Engineers, operators and biologists are continuing to improve

on the effectiveness of the fish chase iy^ experimenting with various combinations of

temperature and gate changes.

NORMAL OPERATION

Normal plant operation samples of fish are collected according to the frequelcy required by-the

station,s NPDES permit, 
"*.rp 

during periods when the units are not in service due to refueling

or maintenance. These 24-hour r*p-t.r are intended to be representative of the amount of fish

that enter the plant during a "norma-l" day's operation. In 2000, samples were taken quarterly

throughout the year at both Units 2 and3.

FISH RETURN SYSTEM

At Units 2 and 3, fish are guided via vanes and louvers to the fish return chamber where an

elevator raises them to the surface of the intake screenwell and releases them via a sluiceway

back to the ocean. Previously reported studies (scE, 1988; Love, et al, 1989) assessed the

effectiveness and survivorship-of tie fish return system. In 1999, additional studies of the fish

return system were conducted as part of a special study for the California Coastal Commission'

No fish return samples were taken in 2000.

The fish return system is operated by equipment operators at least twice daily and operations are

G;;;;jf,iv ii*r shee.L (Form 3oizi-o-ro) iM. J. Johnson, Personal communications).
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DATA ANALYSIS

Analy-sis of impingement catch involves (1) estimating the catch of fish for the year, (2)describing the length--frequency distributions of select splcies, and (3) describing sex ratios ofselect species' weights, 
lorrntit length measurements and gender determination for all requiredspecies are provided in the 2000 Annual Data,Repo+--** chapter ;i;h" Analysis Reporrpresents catch data for the 15 most common speiies and length and iex data for species believedto be of particular interest to resource managers, assuming iufficient data exists for meaningfulanalysis.

The calculation used to determine the annual impingement catch in weight and numbers of fishduring normal operation and heat treatment was described earlier in this iction.

Fish released during the-fish chase procedure are counted by biologists as the fish are raised inthe fish return elevator. Biomass is ietermined by applying the values measured for fish taken inthe subsequent heat treatnent samples. That is, nrn ."ir*ed via the fish retum system areassumed, on average, to weigh the same as fish taken in the following heat treatrnent.

size structure and sex ratios of select species are examined using length-frequency histogramsand sex ratio tables developed from data gathered during impingement sampling.

RESULTS AND DISCUSSION

The monthly operational status of each unit in 2000 is summarized in Table 4-1. The tableshows the number of gallons of seawater pumped per month. The amount of power produced atthe station is not necessarily related to the volume of seawater pumped. This is becausecirculating water pumps may have to be operated even when the station is not producing powerand the pumps operate at only one speed whereas the plant may not always be run at maximumcapacity.

Table 4-1. Monthly Circulating Water Flow.

ovember

r57.40
t47.29
157.44
152.39
ts7.s4
t52.56
157.7s
157.80
152.56
r58. l4
t52.37
t57.36

37,792.35
35,345.05
37,792.25
36,563.90
37,792.13
36,562.49
37,78t.02
37,79t.09
36,562.t7
8,434.49

21,393.61
37,791.95

37,790.70
35,343.55
37,780.70
36,561.97
37,790.96
36,562.91
37,782.40
37,782.45
36,563.94
37,792.70
36,564.46
37,791.69



AIINUAL IMPINGEMENT ESTIMATE

Unit I

Fish impingement at Unit I is assumed to be zero since no circulating water pumps were
operated in 2000. Flows resulting from operation of service water pumps are negligible
(equivalent to about four days of operation for the entire year) and insufficient to create enough
flow velocity to entrain or impinge fish.

Unit 2

The 2000 annual impingement estimate for Unit 2 is based on four quarterly normal operation
impingement samples and seven heat treatment samples conducted during the year. Appendix A
lists all normal operation and heat teatrnent samples collected at Unit 2 in 2000. Table 4'2
shows the estimated monthly abundance of the 15 most abundant fish species and all species
combined in 2000. Table 4-3 presents the estimated monthly biomass of the top 15 fish species
by weight in kilograms. Monthly abundance and biomass of all species occurring at SONGS
Unit 2 in 2000 are presented in detail in Appendices B and C, respectively.

A total of 63 species of fish were counted and weighed at Unit 2 in2000. When weighted by the
total amount of seawater used by Unit 2 in 2000, the estimated fish impingement was 675,102
individuals weigbing 10,033 kilograms. The.top 15 species accounted for 99.4Yo of the total
number and98.2o/o of the total weight. Queenfish and northem anchovy were the most common
species contributing 9l% of the total in number of fish and 59.7Yo of the total weight. Spiney
dogfish also contributed significantly to the total weight of fish impinged in 2000 with 17.5% of
the total. Yellowfin croaker, which were prominent in 1999, were present in 2000, but in much
lower numbers.

Unit 3

The 2000 annual impingement estimate for Unit 3 is based on four normal operation
impingement samples and nine heat treatment samples conducted during the year. Table 44
shows the estimated monthly abundance of the 15 most abundant fish species and all species
combined in 2000. Table 4-5 presents the estimated monthly biomass of the top 15 fish species
by weight in kilograms. A list of all normal operation and fish return samples taken in 2000 are
presented in Appendix A. Monthly abundance and biomass of all species occurring at SONGS
Unit 3 in 2000 are presented in detail in Appendix D and E, respectively.

A total of 62 species of fish were counted and weighed at Unit 3 in 2000. When weighted by
the total amount of seawater used by Unit 3 in 2000, the estimated fish impingement was
1,665,183 individrrals weighing 18,61?.8 kilograms. The top l5 species accounted fot 99.7o/o of
the total number'and 98.5% of the total weight. Queenfish and white croaker were the most
common species contributin g 82.1% of the total in number of fish and 62% of the total weight.
Spiney dogfish also contributed significantly to the total weight of fish impinged in 2000 with
15.2% of the total biomass. Similar to Unit 2, Yellowfin croaker were present in 2000, but in
much lower numbers than were seen in 1999. Unit 3 had a much larger impingement rate
compared to Unit 2.
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Heat Treatment Operations and ooFish Chase".

"Heat treatrnents" are conducted on an "as needed" basis at coastal generating stations to
control the growth of fouling organisms such as mussels and bamacles. The iiming of
these operations is dependent on season, ocean temperature, and obsewed settlement and
growth of fouling organisms. The operations typically occur about every six weeks. The
water temperature within the station is elevated to a temperature that will be lethal to the
fouling organisms within the plant. Since this temperature is also lethal to fish residing in
the station, a special effort called a "fish chase" has been developed at San Onofre to cause
fish to leave the station alive before the heat treatment begins. Table 4-6 summarizes the
number and weight of fish returned to the ocean during the fish chase that occurs just prior
to the heat treafinent and the percent of those fish returned to the ocean comparedto the
number of fish killed during the heat treatment process at SONGS Units 2 and3.

Table 4-6. Fish chase Efficiency by Heat Treatment for Units 2 and 3

Fish Chase Heat Treatnent o/o Released'.'
Jnit., , ,,Date Number Kit 'Number Kilograms Number Kilogramsi

[U"ir 2

lunit 2
lunit 2
Unit2
Unit2
Unit 2
Unit 2
Unit 3
Unit 3
Unit 3
Unit 3
Unit 3
Unit 3
Unit 3
Unit 3
Jnit 3

02/20/00
04/03/00
05/t9t00
06/2s/00
08/05/00
09/30/00
r2t09/00
02/06/00
u/17/00
04/21/00
06/02/00
07/08/00
08/19/00
09/23/00
l l/18/00
t2/23/00

197
543

1,317
1,231
2,341
1,425
68s
46
594
3 1 1

1,543
4,400
1 1 , 9 1 I
1,904
440

3,770

7.t95
31.82
3s.8
59.5

3s3.257
442.r29
17.082
0.62

14.t96
8.062
r24.25

572.768
t,894.45
629.307

92.7
35.04

808
501

1,339
2,960
4,607
2,427
1,025

36,615
I,190
673

3,789
8,219
6,356
3,692
99s
720

29.402
35.195
37.236

2 1 3 . 5 1 8
r75.495
r97.261
16.78s
t22.657
M.096
22.389
t54.319
432.2t1
319.102
523.348
44.491
7.603

19.6%
52.0o/o
49.6%
30.r%
33.7%
37.0%
40.r%
0.1%
333%
31.6%
28.9%
34.9%
6s.2%
34.0%
30.7%
84.0o/o

19.7%
47.5%
49.0%
2r .8%
66.8%
69.t%
s0.4%
0.5%

24.4%
26.5%
44.6%
57.0%
8s.6%
s4.6%
67.6%
82.2%

rd6ls,. ".32,658 4,318 75,816 237s , 3AJ% &.5yo :.

In 2000, a total of 75,816 fish weighing2,375 kgs were impinged during heat treatnent
operations at SONGS. At the same time, as a result of theafiin Chase';procedure, 32,658
fish weighing 4,318 kgs were successfully released back to the ocean prior to the heat
lgatnents. The percentage of fish released varied among the heat treatnents, but averaged
30.1% by number of fish and64.5% by biomass for the year. The percent of fish released
varied from a low of 0.1% of the number of fish and,0.56/oof biomass to a high of 84o/o of
the fish and82.2% of the biomass. The unusually low return on February A,1aOO resulted
when the biologist was delayed because of extended security clearance riquirements and
was unable to count all the fish that were returned alive to tire ocean. However, the operator
of the fish elevator ry-norted making six successful releases from the fish retum system prior
to the arrival of the biologist. The return, therefore, was much greater than indicated by the
data report. A summary of Fish chase operations is presented in Table 4-7.
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In Table 4-7 above, "operational Status" provides information on the overall success of
the fish chase procedure from an operational standpoint, i.e., whether it was completed as
scheduled or not. "Condition of Fish" is a qualitative evaluation of how the fish appeared
as they were released. A designation of *Good" means that less than lyoof the fish
released appeared weakened or dead. The target temperafure for a fish chase is usually
83"F' (28.3o C-) However, higher temperatur"s *uy be necessary to remove wann water
species such as yellowfin cloaker, sargo and zebra perch. In 200b, maximum
temperatures ranged from 82" to 87.8" F.(27.9. to 31" C.). Graphs of,temperature curves
for each fish chase gggggented in Appendix F.. Table 4-g preserrt, u rurnroury of fish
released during the Fish Chase operations in 2000. The table provides the percent
returned by numbers and biomass for the 15 most common spicies based on bio*urr.
Appendix G provides the same information for all species taken at SONGS in 2000.

Table &8. summary of Fish Released During Fish chase operations (Top 15 species)

Fish Return System Operation

The SoNGS fish return system is normally operated tlice per day by station operators. It11 3 routine part of station operations that is logge{ on daily status sheets (Form SO123-0-10) (M. J. Johnson, Personal commtrnicligl). A rymrary of exceptions to daily
operability of the fish return system in2000 is detailed in'iable 4-g.

Prior to 1999, no quantitative biological data on the efficiency of the fish return systemhad been collected since 1994. However, eleven years of data were collected from l9g4
through 1994, and a special study provided additibnal information in 1999. A srunmary ofthe return efficiency of the fish return system during those years is presented in Table 4-9.Return effrciency is the percent of fish retumed to the o".un alive during normal operation
compared to the number of fish impinged and does not include fish returned during the
"fish chase". No fish refurn samples were taken in 2000.

4-10

lommonName

Jnit 2 Fish Chase

{umber Kgs

Unit 3 Fish Chase

tlumber Kgs

Unitz HeatiEi
{umber Kgs

Unit 3 Heat treat

,lumber Kgs

%Returned %Retumed

by Count by Biomass
ISARGO
I

YELLOWFIN CROAKER

QIJEENFISH

SALEMA

SPOTFINCROAKER

NORTHERNANCHOVY

ZEBRA PERCH

GIANT SEABASS

BARREDSANDBASS

WHITECROAKER

3ATRAY

;HOVELNOSE GUTTARFISH

IACKSMELT

(ELPBASS

]ALIFORNIA CORBINA

7222%

63.250/0

12.l8o/o

85.51o/o

96.66%

3r.26%

96.26%

76.78%

71.92o/o

17.$U/o

100.00%

76.09%

11.94%

88.22%

9926%

t62r 510.838 5422

140 48.75 2t89

970 26.796 s,238

1698 126.484 7012

75 38.83 932

2460 28.30s 3232

117 70.2 37

6

163 34.543 110

196 5.76 291

r 0.35 4

2 6 7

3 0.73 45

22 3.74 1l I

36 8.36 104
-

r ; ; ;tr5+.5y2 | | ty 295.432 1612 414.432 71.62%
697.715 102 32.637 llSl 4OI.tlZ 64.48o/o
65.824 6056 155.823 17732 512.091 20.70o/o
476.962 608 42.644 989 59.571 B4.5lo/o
488385 6 2.518 32 15.672 96.36%
3r.739 1743 16.109 36749 tr;-932 12.88%
20.26 4 2.4 2 t.lt 96.250/o
63.5 L 8.2 g1.jlo/o

24.77 58 tt.714 63 1t.41g 69.29%
5.966 1428 28.901 1528 29.34 t4.t4o/o
54.5 100.00%
2 9  1 4 2 7 7 5 . 0 0 o / o

3.538 180 12.981 zgs 18.49 g.rt%

27.415 16 0.063 37 4.096 7t.St%
25.12 1 0.048 I o.2ol gl.sy/o

iotals forTop 15 species r,.tt.vt I rr6J 624.51 60223 1599.46 31.05% 6rg0%
lotals for all 72 soecies 7739 947 249t9 llz



Table 4-9. Operating status of the Fish Return
System in 2000.

Table 4-10. Fish Return
Efficiency 198+1994 and 1999

Year Unit 2
Percent

Returned

Unit 3
Percent

Returned

1984 96.s0 95.40

1985 88.30 60.10

1986 75.00 69.90
1987 65.00 67.80

1988 80.00 68.50
1989 4r.60 58.40

1990 51.50 36.60
1991 75.40 66.30
t992 74.40 s9.30
1993 83.00 78.00
r994 87.70 78.40

1999 72.40 68.22

LENGTH FREQUENCY ANALYSIS

Figures 4-1 through 4-4 present length-frequency distributions of queenfish, northern
anchovy, white croaker and Pacific sardine collected in-plant at Units 2 and 3 during 2000.
These species were selected either because of their predominance in the catch (e.g., queenfish
and northern anchovy) or because of their interest to resource managers (e.g., Pacific sardine
and white croaker). Length data for all other species is provided in the 2000 data report.

Fig. 4-1. Queenfish Length Distribution
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Unit Total Hours
FRS Out of
Service in 2000

Reason FRS
was Out of
Service

7o System
Availability in
2000

2 32 Reoairs 99.6
a
J 32 Renairs 99.6
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Fig. 4-2. Northern Anchovy Length Distribution
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Fig.4-3. White Groaker Length Distribution
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Fig. 4-4. Pacific Sardine Length Distribution
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As in most years, queenfish and northern anchovy were numerous in 2000 and accounted for

over 75oh of the total catch at SONGS, by number.

Northern anchovy are sma||, short-lived fish typically found in schools near the surface during

the day, then disiersing through the water column at night. It is probably duril8 this dispersal at

night that they are *ori tit .ty to be entrained into generating station intakes. They rarely exceed

four years in age and seven inches in length, although individuals as old as seven years and nine

inches have been recorded. There is a feat deal of regional variation in age composition and

size atage with older, larger, fish found at relatively offshore and northerly locations- In warm

y"*, ,.Ltively old and large fish are found farther north than during cool years (Leet, et al,

iggZ). At SONGS in 20010, northern anchovy lengths ranged mostly from 30 to 140 mm

througbout the year, with modal peala at 60 and 100 mm. The smaller size class (around 50

mm) conelates to arL age of 1.5 to Z.S months (Sakagawa and Kimura 1976)- The large number

of northern anchovies seen at SONGS in 1999 did not continue into 2000. Though abrurdant, the

northern anchovy biomass in 2000 was about 25%o that of 1999. This may be a result of a

decline in the presence of La Nifla conditions in 2000.

eueenfish school in shallow water dwing the day, often in the shadow of reefs or kelp, then

disperse and move offshore at night when they feed actively (Love, 1991). It is during

these nocturnal migrations and dispersal in the water column that many of the queenfish are

entrained into geneiating station intates (Johnson, et a1., 1976). The annual abundance of

queenfish has iuctuateisignificantly from year to year with an apparent relationship with

fNSO (El Niflo/La Nifra) &ents. Though Jb.,nd*r. has remained generally strong during

both warm and cool water periods, there were marked declines during the strong warm-

water ENSO events of 198)-8f ,lg87 and 1997-98. In 1999, a cold water year, queenfish

abundance was double that of 1998. In 2000, queenfish abundance was approximately

equal to 1999. Queenfish lengths ranged from 30 to 180 mm. The length disFibution was

generally bi-modal, however tfre moOitity is obscured by growth of the fish during the year.

ihe primary modes were at 60 and 120 mm representing mostly Age 0 and Ag9 I

individuals. Recruitrnent of young-of-the-year (YOY) appeared strong in 2000.

pacific sardines continued to decline in number in 2000 when compared to 1998 and 1999.

As in previous years, numbers continued to be higher at Unit 3 than at Unit 2, a

phenomenon that is diffrcult to explain. In 2000, most of the sardines ranged from 110 to

iOg t*, but, unlike 1999, hardly any smaller sardines (from 10 to 110 mm) were present'

Unlike queenfish, who's abundance has fluctuated from year to year but has not shown any

long-term decline, white croaker abundance over the same period exhibited an overall

doinward trend, until 1999. In 1999, perhaps due to the colder water temperatures, white

croaker abundances increased to nearly 10 times that of 1998. In 2000 the trend continued

with numbers ten times greater than d,1999. White croaker often co-occur with queenfish

(Love, 1991) and exhibit similar diurnal dispersal patterns. Seasonal abundance data from

impingement samplin g datasupport observations by Allen and DeMartini (1983) that white

.rout Jt may move offihore into deeper waters during winter months. In 2000, the white

croaker length frequency distribution is bi-modal with modes at 70 and 110 mm. Lengths

ranged from 40 to 180 mm, but few exceeded 130 mm in length'

4-13
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Sexratiosof fishimpingedatUnits 2and3 aresummarizedinTable4-ll. Asobservedin
past years, females frequently outnumbered males for many of the species studied- This is
especially true of the perches, northem anchovies, and queenfish. This may be due to
increased vulnerability to impingement of gravid females, especially the embiotocids, that
have irnpaired swimming ability. White croaker also had more females than males. In
contrast, Pacific sardines were more commonly males than femalese All these
characteristics are consistent with data from previous years.

Table 4-11. Count by Sex of fish captured at SONGS Units 2 & 3 in 2000.

lommon Name Unit 2 Unit 3

Female Male Female Male

]ARRED SAND BASS
]ATRAY
]LACKCROAKER
]LACKPERCH
]ALIFORNIA BUTTERFLY RAY
]ALIFORNIA CORBINA
]ALIFORNIA ELECTRIC RAY
]ALIFORNIA HALIBUT
]ALIFORNIA SHEEPHEAD
DEEP BODY ANCHOVY
3RAY SMOOTI{HOUND
KELP BASS
\IORTHERN ANCHOVY
PACIFIC BUTTERFISH
PACIFIC SARDINE
PILEPERCH

QUEENFISH
ROCKWRASSE
SARGO
SHINER PERCH
SPINYDOGFISH
SPOTFIN CROAKER
WALLEYE SURFPERCH
WHITE CROAKER
WT{ITE SEA BASS
WHITE SEAPERCH
YELLOWFIN CROAKER

28

4
34
I

10
I
9
22

I
,)

6
1

126
7
37
2

264
7
87
67
6

rt2
82
I
l 5
45

l0 l
I

4 l

128
7

103
53

2
s6
54

q?

l l
'|

2

t

J

2
I
I

I

l l 4

2
80
I

69

105

86
1 5
J

8
24
89

47
I

305

64
27
6
10
36
100

I
55 60

TOTAL IMPINGEMENT

The total impingement fish loss for 2000 is the sum of the estimated annual impingement
loss during normal operation and fish impinged during heat fteatment. Estimated annual
impingement for lJnit2 in 2000, for all species combined, was 675,102 fish weighing
10,033 kilograms. Annual impingement at Unit 3 was 1,665,183 frsh weighing 18,618
kilograms (Table 4-12).
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Table 4-12. Total number and weight of fish caught at San onofre

Un i ts2&3 in2000.

Compared to previous years of operation, 2000 impingement was 26%higher than the 18-

year-werag" of Z2,7tg'kg recorded since Units 2 and3 began operation,but was within the

normal variation of samp'ies in past years. Changes in impingement catch.at SONGS are

likely the result of large-scate ctimaiological *d o."a*graphic perturbations unrelated to

operation of the geneiating station. Thaimpingement data collected at SONGS is

frequently used by resource managers ur uo indi.ator of natural fluctuations in near-shore

fish populations.

661,535
9,328

1,602,935
16,951

(Count)
(Kilograms)
(Count)
(Kilograms)

Fig. 4-5. SONGS lmpingement 1983-2000
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COMPARISON TO OTHER SOURCES OF FISH LOSS

This report provides an estimate of fish loss due to impingement resulting from the use of

seawater as a source of cooling water for the San Onofre Nuclear Generating Station. In

order to put these:losses in perspectivti, it may be useful to compare the impingement losses

with other losses routinely experienced by Southern Califomia fish populations'

Figure 4-6 presents a variery of stresses on local fish populations and their relative

magnitude in relation to SONGS impingement.
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Figure 4-6. Comparison of Daily Losses.

Sport Fishing

Gitlnets

One Bait Boat

One KillerWhale

Twelve Sea Lions

SONGS 2000 lmpingement

Data source: t 2000 songs Annual Analysis Report; 2-3 rctr4urirr" Mammals of califomia" by
A.E. Daugherty,1979; o c. cooney, cal F&G, pers. com.; 5 cal F&GAlIIrdS computer data
base; 6 u.s. Dept. of commerce, Marine Rec. Fishery Statistics survey, pacific coast
1981-1984 (within 3 miles of shore).

SUMMARY

IMPINGEMENT

Overall, the number and weight of fish impinged at San Onofre in 2000 was26Yohigher
than the 18-year average, but within the range of values recorded since Units 2 and,J b"g*
operation. There is no indication that fish impingement at SONGS has significantly
impacted the maintenance of a balanced, indigenous fish population in the receiving water,
nor did it impair any beneficial uses dependent on the fisheries resources.

Unit I

Fish impingement at Unit 1 is assumed to be zero since no circulating waterpumps were
operated in 2000. Flows resulting from operation of service water pumps are negligible
(equivalent to less than 5 days of operation for the entire year) and insufficient to create
enough flow velocity to entrain or impinge fish.

Unit 2

An estimated 675,102 individuals weighing a total of 10,033 kgs. were impinged by Unit 2
based on four quarterly samples of normal operation and seven heat treafinenrsamples
conducted during 2000. Northern anchovies and queenfish comprised,gl%of the iatch by
number and59.7% of the catch by weight.

4-16



Unit 3

An estimated 1,665,183 individuals weighing a total of 18,618 kg were impinged by Unit 3
based on four quarterly samples of normal operation and nine heat treatments in 2000.
Northern anchovies and queenfish comprised 69.2% of the catch by number and 57% of the
total weight.

FISH CHASE

A special procedure called a'ofish chase" has been developed at San Onofre to cause fish to
leave the circulating water system before heat treafineots begin. In 2000, a total of 32,479
fish weighing4,3l8 kgs. were successfully released back to the ocean prior to heat
treatments.

' .f-[q% c'^J
+i ,^al-  - ,r-<r\C
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rmaloperationsampIesTakenatUnits2&3During2000.

Unit Date Sample Type
Number of

Species
Number of

Fish
Fish

Biomass (Kgs.)

Unit 2 02/20t00 Heat Treatnent 23 808 29.402

Unit 2 04/03/00 Heat Treatnnent ) \ 501 35.19s

Unit 2 05n9/00 Heat Treatrnent 1 8 1,339 37.236

Unit 2 06t25t00 Heat Treafrnent 29 2,860 213.518

Unit 2 08/0s/00 Heat Treatnent 27 4,607 175.49s

Unit 2 09/30/00 Heat Treatnent 29 2,427 t97.26t

Unit 2 12/09t00 Heat Treatnent 29 1,025 16.785

Unit2 0t/l 1/00 Normal Operation 8 3,169 r7.3s3

Unit 2 0sD3/00 Normal Operation 22 1,432 s0.983

Unit 2 07/tt/00 Normal Operation 1 5 2,027 30.008

Unit2 tzlt9t00 Normal Operation 12 1,016 6.294

Unit 3 02/06/04 Heat Treatment 22 36,615 r22.657

Unit 3 M/r7/00 Heat Treatmenl 26 1,190 44.096

Unit 3 0412]/00 Heat Treatnent T4 673 22.389

Unit 3 06/02t00 Heat Treatrnent 27 3,789 154.319

Unit 3 07/08/00 Heat Treafrnent 29 8,219 432.2t1

Unit 3 08/19/00 Heat Treatment 24 6,356 3r9.t02

Unit 3 09123/00 Heat Treatnent )7 3,692 523.348

Unit 3 I 1/18i00 Heat Treatnent 29 995 44.491

Unit 3 t2/23/00 Heat Treafrnent 22 720 7.603

Unit 3 0l/1 1/00 Normal Operation 8 4,137 20.472

Unit 3 05/23t00 Normal Operation 23 2,3t5 64.048

Unit 3 07/rr/00 Normal Operation 12 7,497 80.861

Unit 3 ta,9t00 Normal Operation t2 3,545 19.79



APPENDIX B.

Estimated Monthly Number of Fish Impinged
at SONGS Unit 2 in 2000.



Appendix B. Estimated Monthty Number of Fish at SONGS Unit 2 in 2000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

0 0 0 0 0 0 0 0 0 0 0 1 1

7  o  0  t 2  0  l l  0  12  8  0  0  8  58

2 o 0 91 93 90 62 62 60 0 0 0 460

0 0 0 3 0 3 i 3 0 0 0 0 0 0 0 9 1

0 0 0 0 0 7 0 2 4 0 0 11 24

0  0  0  210  228224  0  18  15  0  0  2  697

0 0 0 1 I  I  0  3 5 0 0 1 l  22

1 0 0 0 0 0 0 0 0 0 0 0 1

1 0 0 0 0 2 0 0 0 0 0 0 3

63 58 62 t'I 18 7 0 0 1 0 0 2 228

CALIFORNIABUTTERFLYRAY 31 29 31 30 31 30 O O O O O O I82

I  0  0  0  0  0  0  0  0  0  0  . 0  1

Common Name

BARRACUDA

BARRED SAND BASS

BASKETWEAVE CUSK-EEL

BATRAY

BLACKCROAKER

BLACK PERCH

BLACKSMITH

BOCACCIO

BROWNROCKFISH

CABEZON

CALIFORMA FLYINGFISH

CALIFORNIA CRIJNION

CALIFORNIA HALIBUT

CALIFORNTA LIZARDFISH

CALIFORNIA SHEEPHEAD

CHUB.MACKEREL

DEEPBODYANCHOVY

FINESCALE TRIGGERFISH

GIANTKELPFISH

GIANT SEABASS

GRASS ROCKFISH

GRAY SMOOTIIHOUND

JACKMACKEREL

JACKSMELT

KELP BASS

KELP PIPEFISH

NORTI{ERN ANCHOVY

PACIFIC BI]"TIERFISH

PACIFIC CUTLASSFISH

PACIFICSARDINE

PILE PERCH

PIPEFISH

PLAINFIN MIDSHIPMAN

QUEENFTSH :
ROCKWRASSE !'

ROCKFISH

ROCKPOOL BLEN}.IY

RUBBERLIP SEAPERCH

Continued on next page

CALIFORNIA CORBINA

C A L I F O R N I A E L E C T R I C R A Y 3 1 2 9 3 l O O O O O O O O O 9 I

0 0 0 0 0 0 3 1 3 1 3 0 0 0 0 9 2

0 0 0 0 4 8 1 0 0 0 0 0 0 2 6 0

1 0 0 1 0 0 0 0 1 0 0 0 3

0 0 0 3 0 3 1 3 0 0 0 0 0 0 0 9 1

CALIFoRNIASCORPIONFISH 5 0 0 38 32 31 31 38 33 0 0 4 212

0 0 0 2 0 0 0 0 0 0 0 0 2

0 0 0 0 0 0 0 0 0 7 1 8 3 1 5 5

95 87 93 ll 0 0 0 6 66 0 0 l2 370

0 0 0 0 0 1 0 0 0 0 0 0 1

0 0 0 3 8 6 0 8 9 0 0 3 3 7

0 0 0 1 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 2 0 0 0 2

0 0 0 3 0 3 1 3 0 0 0 0 0 0 0 9 1

1 0 0 1 1 0 3 1 1 0 6 1 9 0 0 0 6 3 3 6

37 0 0 s60 633 s7s 0 2 0 55 140 2s9 2262

0 0 0 0 0 0 0 0 4 0 0 1 2 1 6

0 0 0 2 0 0 0 0 0 0 0 3 5

1827 1450 1550 3076 3202 3064 29078 30430 28146 1785 4527 8046 11618l

0 0 0 0 0 0 34r 355 364 7 18 37 l l2l

0 0 0 0 1 0 0 0 0 0 0 0 1

1005 667 7t3 6t 65 60 713 7r3 690 0 0 0 4687

0 0 0 0 0 0 0 2 0 0 0 0 2

97 87 93 1020 1054 1020 31 31 30 0 0 0 3463

0 0 0 3 3 3 1 3 0 0 2 0 7 1 8 3 1 1 5 1

9581289497 95668,270752844428665 30070 31330 30142 5059 12825 23260 497846

1 0 0 0 0 4 0 8 5 0 0 0 1 8

0 0 0 1 0 0 0 0 0 0 0 0 1

7 0 0 5 s 3 0 0 4 7 1 8 4 7 9 5

0 0 0 9 0 9 3 9 0 0 0 0 0 0 0 2 7 3
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Appendix B. Estimated Monthly Number of Fish at SONGS Unit 2 in 2000
Continued from previous page

. i

I

l

i
j
j

'l
l

: i
I

i
I

' i

i.l

SALEMA

SARGO

SENORITA

SHINERPERCH

SHOVELNOSE GUITARFISH

SPECKIED SANDDAB

SPECKLEFIN MIDSHIPMAN

SPINY DOGFISH

SPOTFINCROAKER

SPOTTED KELPFISH

SPOTTEDTURBOT

STRIPED KELPFISH

TOPSMELT

WALLEYE SUNTPERCH

WHITECROAKER

WHITE SEA BASS

WHITESEAPERCH

WOOLYSCULPIN

YELLOWSNAKEEEL

YELLOWFIN CROAKER

ZEBRA PERCH

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Toal

3 0 0 0 0 r7 0 520 43 7 18 56 663

0 0 0 0 | 667 0 208 265 7 18 69 1234

0 0 0 0 0 1 0 7 1 0 0 4 1 3

2 0 0 61 63 69 31 179 85 0 0 l0 500

0  0  0  0  0  0  0  0  l ' i l  0  0  0  I

0 0 0 6 6 6 2 ' 6 1 0 0 0 0 0 0 r 8 9

0 0 0 0 0 3 6 2 6 2 6 0 0 0 0 1 8 7

0 0 0 180 186 180 0 0 0 0 0 0 546

0 0 0 3 0 1 0 1 1 0 0 0 6

0 0 0 0 0 0 0 0 2 0 0 0 2

4 0 0 9 0 0 0 0 0 0 0 1 1 4
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MPENDIX C.

Estimated Monthly Catch in Kilograms of Fish
at SONGS Unit 2 in 2000.



Appendix C. Estimated Monthly Catch in Kilograms at SONGS Unit 2 in 2000

Common Name Jan Feb Mar Apr May Jun JuI Aug Sep Oct Nov Dec Total

BARRACIJDA 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.016

BARRED SAND BASS 1.401 0.000 0.000 2.046 0.000 3.t24 0.000 2.482 2.280 0.000 0.000 0.42r rr.754

BASKETWEAVE CUSK-EEL 0.007 0.000 0.000 3.965 4.092 3.960 1.643 r.643 1.590 0.000 0.000 0.000 16.900

BAT RAy 0.000 0.000 0.000 7.200 7.440 7.200 0.000 0.000 0.000 0.000 0.000 0.000 21.8&

BLACK CROAKER 0.000 0.000 0.000 0.000 0.000 0.747 0.000 0.371 0.725 0.000 0.000 0.816 2.659

BLACK PERCH 0.000 0.000 0.000 1.050 1.308 1.708 0.000 0.670 1.366 0.000 0.000 0.086 6.188

BLACKSMITH 0.000 0.000 0.000 0.062 0.063 0.070 0.000 0.276 0.045 0.000 0.000 0.074 0.590

BOCACCIO 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003

BROWN ROCKFISH 0.040 0.000 0.000 0.000 0.000 0.100 0.000 0.000 0.000 0.000 0.000 0.000 0.140

CABEZON 0.406 0.377 0.403 0.682 1.239 0.297 0.000 0.000 0.288 0.000 0.000 0.227 3.919

CALIFORN1ABUTTERFLYRAy 12.710 11.890 r2.7t1 139.504 144.152 139.498 0.000 0.000 0.000 0.000 0.000 0.000 460.465

CALIFORNTA CORBINA 0.048 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.048

CALIFORNTAELECTRICRAY t73.604 162.405 173.603 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 509.612

CALIFORNIA FLYINGFISH 0.000 0.000 0.000 0.000 0.000 0.000 4.650 4.650 4.500 0.000 0.000 0.000 13.800

CALIFORNIA GRUNION 0.000 0.000 0.000 0.000 0.634 0.177 0.000 0.000 0.000 0.000 0.000 0.020 0.831

CALIFORNIA HALIBU"r 0.209 0.000 0.000 0.131 0.000 0.000 0.000 0.000 0.700 0.000 0.000 0.000 1.0,!0

CALIFORMA LIZARDFISH 0.000 0.000 0.000 1.380 1.426 1.380 0.000 0.000 0.000 0.000 0.000 0.000 4.186

CALIFORMA SCORPIONFISH 0.729 0.000 0.000 0.670 0.206 0.281 0.093 t.230 0.400 0.000 0.000 0.280 3.889

CALTFORNTA SHEEPHEAD 0.000 0.000 . 0.000 0.433 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.433

CHUB.MACKEREL 0.000 0.000 0.000 0.000 0.000 
. 

0.000 0.000 0.000 0.000 0.505 1.281 2.263 4.049

DEEP BODY ANCHOVY 0.550 0.493 0.s27 0.163 0.000 0.000 0.000 0.106 1.100 0.000 0.000 0.146 3.085

FINESCALE TRIGGERFTSH 0.000 0.000 0.000 0.000 0.000 1.900 0.000 0.000 0.000 0.000 0.000 0.000 1.900

GIANT KELPFISH 0.000 0.000 0.000 0.143 0.250 0.308 0.000 0.137 0.279 0.000 0.000 0.051 1.168

crANT SEABASS 0.000 0.000 0.000 19.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 19.200

GRASS ROCKFTSH 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.188 0.000 0.000 0.000 0.188

GRAY SMOOTHHOTND 0.000 0.000 0.000 4.350 4.495 4.350 0.000 0.000 0.000 0.000 0.000 0.000 13.195

JACK MACKEREL 0.040 0.000 0.000 0.M8 0.098 0.000 1.922 2.715 6.096 0.000 0.000 0.122 11.041

JACKSMELT 3.896 0.000 0.000 38.938 42.542 40j80 0.000 0.046 0.000 1.170 2.965 5.496 135.833

KELP BASS 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.000 0.000 0.M7 0.063

KELPPIPEFISH 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.008

NORTHERN ANCHOVY t3.224 8.062 8.618 9.534 10.286 9.495 203.980 214.620 197.447 10.159 25.756 45.763 756.946

PACIFIC BUTIERFISH 0.000 0.000 0.000 0.000 0.000 0.000 5.146 5.567 5.456 0.083 0.2t1 0.440 16.903

PACIFIC CUTLASSFISH 0.000 0.000 0.000 0.000 0.248 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.248

PACIFICSARDINE 44.296 27,116 28.986 2.672 2.890 2.&0 39.990 39.990 38.700 0.000 0.000 0.000 227.279

PILE PERCH 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.044 0.000 0.000 0.000 0.000 0.044

PTPEFISH 0.066 0.058 0.062 r.320 t.3il t.320 0.124 0.124 0.120 0.000 0.000 0.000 4.558

PLAIMIN MIDSHIPMAN 0.000 0.000 0.000 0.993 0.837 0.810 0.000 0.893 0.000 0.021 0.053 0.093 3.699

QUEENFTSH 315.170 292-85t 313.044 658.805 699.079 701.100 651.154 690.911 660.572 30.678 77.777 141.224 5232.366

ROCK WRASSE 0.104 0.000 0.000 0.000. 0.000 0.660 0.000 1.150 0.512 0.000 0.000 0.000 2.426

ROCKIISH 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002

ROCKPOOL BLENNY 0.090 0.000 0.000 0.040 0.M6 0.M0 0.000 0.000 0.015 0.028 0.070 0.167 0.496

RUBBERLIP SEAPERCH 0.000 0.000 0.000 0.570 0.589 0.570 0.000 0.000 0.000 0.000 0.000 0.000 1.729

SALEMA 0.121 0.000 0.000 0.000 0.000 1.160 0.000 37.432 3.525 0.021 0.053 0.499 42.810

Continued on next page
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SARGO

SENORITA

SHINERPERCH

SHOVELNOSE GUITARFISH

SPECKLED SANDDAB

SPECKLEFIN MIDSHIPMAN

SPINY DOGFISH

SPOTFIN CROAKER

SPOTTED KELPFISH

SPOTTED T1JRBOT

STRIPED KELPFISH

TOPSMELT

WALLEYE STJRFPERCH

WHITECROAKER

WHITE SEABASS

WHITE SEAPERCH

WOOLYSCULPIN

YELLOW SNAKE EEL

YELLOWFIN CROAKER

ZEBRAPERCH

Jan Feb Mar Apr

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.457

0.000 0.000 0.000 0.000

May Jun Jul

0.589 t37.950 0.000

0.000 0.000 0.000 0.000 0.000 0.034 0.000

0.050 0.000 0.000 0.186 0.177 0.218 0.t24

Aug Sep Oct Nov Dec Total

40.700 110.250 0.048 0.123 6.160 295.820

0.170 0.038 0.000 0.000 0.013 0.255

r.879 1.200 0.000 0.000 0.158 3.992

0.000 4.000 0.000 0.000 0.000 4.000

0.000 0.000 0.000 0.000 0.000 1.380

2.263 'rr2.190 0.000 0.000

0.000 0.000 0.000 0.000

0.620 0.475 0.000 0.000

0.000 0.008 0.000 0.000 0.000 0.008

0.000 0.000 0.000 0.000 0.011 0.136

0.000 0.000 0.000 0.000 0.000 0.031

3.823 23.480 0.1 I I 0.2E1 0.540 118.077

2.768 r.928 0.152 0.386 3.152 10.750

0.000 0.000 0.000

0.465 0.458 0.000

0.000 r.414 2.263

0.000 0.000 0.000 578.716 5g7.gg8 57'8.694 0.000

0.000 0.000 0.000 l.l7l 0.p00 0.2s2 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.037 0.000 0.000 0.088 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.000 0.031 0.000

0.294 0.000 0.000 27.661 28.860 29.432 3.596

0.042 0.000 0.000 0.372 0.155 0.245 1.550

0.220 0.000 0.000 39.551 42.795 39.188 13.826 32.6M 14.955 0.581 r.474 3.238 188.434

0.000 0.000 0.000 0.000 0.000 2.000 0.000 0.246 0.000 0.000 0.000 0.000 2.246

0.000 0.000 0.000 19.141 19.809 19.172 0.186 0.373 0.237 0.000 0.000 0.132 59.050

0.000 0.000 0.000 0.000 0.003 0.003

0.000 0.000 0.000 0.000 0.000 10.556

12.838 12.816 0.000 0.@0 0.233 32.637

2.400 0.000 0.000 0.000 0.000 2.400

0.000 8.130

0.000 1755.407

0.000 2.518

0.000 0.000 0.000 0.000 0.000 0.000 0.000

0.000 0.000 0.000 3.480 3.596 3.480 0.000

0.000 0.000 0.000 0.000 0.000 6.750 0.000

0.000 0.000 0.000 0.000 0.000 0.000 0.000

567.357 503.252 537.954 1564.727 16t7.72g t742.ggr 930.247 rr05J44 r0s7.4g7 43.557 ll}.42g 2ll.8g7 10033381
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APPENDIX I).

Estimated Monthly Number of Fish Impinged
at SONGS Unit 3 in 2000.



Appendix D. Estimated Monthly Number of Fish at SONGS Unit 3 in 2000

Jan Feb Mar Apr May Jun Jul Aug SeP Oct Nov Dec TotalCommon Name
BARRACUDA
BARRED SAND BASS

BASKETWEAVE CUSK.EEL O 1 O 37 31 31 O

0000000
0506043

03
14 2A
00

000303130000
020001100

BATRAY
BLACKCROAKER
BLACKPERCH
BLACKSMITH
BOCACCIO
CABEZON
CALIFORNIA BUTIERFLY
RAY
CALIFORNIACORBINA O

CALIFORNIA ELECTRIC RAY O

CALIFORNIA GRUNION O
CALIFORNIAHALIBUT O
CALIFORNIALZARDFISH O
CALIFORNIASCORPIONFISH O
CALIFORNIA SHEEPHEAD O
CHI.JB MACKEREL O
CREVICE KELPFISH O
DEEPBODYANCHOVY O
DWARFPERCH
ENGLISH SOLE
FINESCALE TRIGGERFISH
GIANTKELPFISH
HALFMOON
HORN SHARK
JACKMACKEREL
JACKSMELT
KELP BASS
KELP PIPEFISH
MUSSELBLENNY
NORTHERN ANCHOVY
PACIFIC BUTIERFISH
PACIFIC CUTLASSFISH
PACIFIC SARDINE
PILE PERCH
PIPEFISH
PLAINFINMIDSHIPMAN

QIJEENFISH
ROCKWRASSE
ROCKPOOL BLEN].[Y
RUBBERLIP SEAPERCH
SALEMA
SARGO

0
0
0
0

0 9 7 9 3 9 8
0r02
0200
0 6 8 3 1 3 9

312931000

00095
010 r49
00 r92

0001
0001
62 60 62 201
0 l l 5
00091
04115

282
63
100
9 l
l 5

003
2 tz0 l
001
001
49 0 394
35 37 2662
56 3t 129
003

93
0
0
0
0

93
2
0
0
6

93
9
0
0
5

0
I
0
6

I
32

0

0
0
0
0
0
0
0
0
0
0
0
0

4
0
I

0

00054302
02027034

0
0
0

0
4
0
0
0
0
0
2
0

0001
0100
0004
0000
0303130
0303
0000
0002
0000
0000
0000
0000
0000

31  30
01
00

00
00
013
00
00
00

0
0
0

0
0
0

0
0

00006
00300

0003031300000
ls19 l4s1 l5l9 226 124 136 1833 1833 l77r 3l

0001000000
248 232 248 t320 1364 1320 186 186 180 0
0003031300000

000000 r22
080716260006
000303130000

200002
a4315331121
200103

38 38 46s 584 467 1592
0
0
0
0
0
0
0
31
3 I
0

0
0

0 9 1
32 10505

I
5285
9 l

000s
0 157 l1 37s
0 0 0 9 1

0
0
0
4
I

2
0
0
2
0

L

2
0
0

0
t

0

31  31  31  31  31  33
0
0
4

0000
0000
0  39  0  1 l

496 s00 496 405 279 374 I

0
2
0

0000050000005
4t23 39936 4123 5721 5828 s670 40318 40718 39049 1240 1250 1264 189237

0 0 0 0 0 0 7696 7734 7487 186 227 188 23s18

00
182 109
08

0
0

0
30
0
0
0

12.1757 rr4222t2r,757 36s8636980 38760 60723 58794 5420s 107256 104068 107719 962829

01026070s741688s01154989
00000157304242816092 r1612
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SHINERPERCH
SHOVELNOSE GUITARFISH
SPECKLED SANDDAB
SPECKLEFIN MIDSHIPMAN
SPINY DOGFISH
SPOTFINCROAKER
SPOTTED KELPFISH
SPOTTED TLIRBOT
STRIPED KELPFISH
TOPSMELT
VERMILIAN ROCKFISH
WALLEYE SURFPERCH
WHITE CROAKER
WHITESEABASS
WHITE SEAPERCH
YELLOW SNAKEEEL
YELLOWFIN CROAKER
ZEBRAPERCH

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

0
0
0
0
0
0
0
0
0
0
0

7
0
0
I

0
0
0
2
0
0
0

0 6 0 7 1 0 6 2 1 0 2 8 9 6 8 0 9 2 3089
000002 002

00182
10373

06062600000
06162616562600
0 270 279 270 0 0
0500124
000920

0000819
1001032
,ooo4

03931300000
00000000

00102
202
30 32 1095
003
t4 12 4732

0 260 248 302 35 87
030000

70 3 l
0 0

31 33 3l 12 0 14 l59l 1542 1452 0

0 9 7
0 0

o 1316113050 12915 1228A6 n2603 118657 434 433 550 4M707

0
0
0
0

I
0
0
0

010011060
0 12599t30r9 12604 3110 3124 3000 0

7 0 2 5
0 0 47457
0 0 9 1030313000

0705246348543026 s 1180
020000200

r28236rs65791282367130871760 73235 240624 238762 228603 109891 107343 110608 1665183

,1

l
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APPENDIX E.

Estimated. Monthly Catch in Kilograms of Fish' at SONGS Unit 3 in 2000.



Appendix E. Estimated Monthly Catch in Kilograms at SONGS Unit 3 in 2000
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.100 2.8s2 2.829 2.8s2 8.633
0.000 0.829 0.000 0.845 0.000 0.716 0.569 4.080 3.180 0.000 0.953 0.237 11.409
0.000 0.028 0.000 1.938 1.860 1.807 0.000 0.000 0.000 0.000 0.000 0.000 s.633
0.000 0.000 0.000 6.779 7.00s 6.780 0.000 0.000 0.000 0.000 0.000 0.000 20.56s
0.000 0.354 0.000 0.000 0.000 0.052 0.108 0.000 0.000 0.000 0.281 0.320 l.l2l
0.000 0.000 0.000 0.614 0.589 A.664 0.372 0.000 0.000 0.000 1.080 0.700 4.019
0.000 0.005 0.000 0.032 0.000 0.rr7 0.055 0.000 0.034 0.000 0.102 0.000 0.345
0.000 0.000 0.000 0.006 0.000 0.000 0.3& 0.341 0.330 0.000 0.000 0.000 1.041
0.000 0.030 0.000 7.s71 6.510 6.su 0.926 0.000 0.096 0.000 0.118 0.000 2r.814

CALIFORNIA BLT|TERFLY RAY 7.408 6.930 7.408 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.3M 22.@1
CALIFORNIACORBINA 0.000 0.000 0.000 0.000 0.000 0.201 0.000 0.000 0.000 0.000 0.000 0.000 0.201
CALIFORNIA ELECTRIC RAY 0.000 0.000 0.000 12.200 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 l2.2oo

Common Name

BARRACI.JDA

BARREDSANDBASS

BASKETWEAVE CUSK.EEL

BATRAY

BLACKCROAKER

BLACKPERCH

BLACKSMITH

BOCACCIO

CABEZON

CALIFORNI.A GRI,JNION

CALIFORNIA HALIBUT

CALIFORNIA LIZARDFISH

CALIFORNTA SHEEPT{EAD

CHTJB MACKEREL

CF.EVICE KELPFISH

DEEPBODYANCHOVY

DWARF PERCH

ENGLISH SOLE

FINESCALE TRIGGERTISH

GIANTKELPFISH

HALFMOON

HORN SHARK

JACKMACKEREL

JACKSMELT

KELPBASS

KELP PIPEFISH

MUSSEL BLENI.IY

NORTHERNANCHOVY

PACIFIC BUTTERFISH

PACIFIC CUTLASSFISH

PACIFIC SARDINE

PILE PERCH

PIPEFISH

PLAINFIN MIDSHIPMAN

QUEENFISH

ROCKWRASSE

ROCKPOOLBLENNY

RUBBERLIP SEAPERCH

SALEMA

SARGO

SHINERPERCH

Continued on next page

CALIFORNIA SCORPIONFISH 0.000 0.450 0.000 0.088 0.000 0.353 0.000 0.000 0.000 0.000 0.511 0.083 1.485

0.000 0.000 0.000 0.000 0.000 0.073 0.000 0.000 0.060 0.310 0.300 0.310 1.053
0.000 0.333 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.478 0.002 0.813
0.000 0.000 0.000 3.780 3.906 3.780 0.000 0.000 0.000 0.000 0.000 0.000 11.465

0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.738 0.000 0.000 0.000 0.000 0.738
0.000 0.000 0.000 0.000 0.000 0.443 0.000 0.000 0.216 0.992 2.422 0.92 5.055
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.000 0.000 0.009 0.000 0.01s
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.550 0.s72 5.766 7.429 5.790 2o.t06
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.010 0.000 0.000 0.000 0.000 0.010
0.000 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008
0.000 0.000 0.000 0.000 0.000 0.000 5.360 0.000 0.000 0.000 0.000 0.000 5.360
0.341 0.362 0.341 1.665 t-674 1.694 0.3t7 0.006 0.043 0.000 0.029 0.106 6.578
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.030 0.000 0.000 0.000 0.030
0.000 0.000 0.000 0.000 0.000 0.000 2.t65 0.000 0.000 0.000 0.000 0.000 2.t65
0.000 0.130 0.000 2.181 0.000 0.915 0.000 3.310 3.527 0.000 r.032 0.000 11.095
17.885 16.950 17.885 31.750 20.706 25.839 0.082 0.000 0.188 1.767 1.875 2.092 l37.O2o
0.000 0.000 0.000 0.0@ 0.000 2.434 0.574 0.402 0.000 t3.67t 13.916 13.670 44.666
0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 o.0o8
0.000 0.000 0.000 0.000 0.000 0.041 0.000 0.000 0.000 0.000 0.000 0.000 0.041
30.81I 138.504 30.811 14.925 14.662 14.550 27t.830 276.145 263.t89 5.952 5.900 6.089 1,073.368
0.000 0.000 0.000 0.000 0.000 0.000 109.041 t09.48 106.064 2.139 3.434 2.17t 332.297
0.000 0.000 0.000 5.580 5.766 5.580 0.000 0.000 0.000 0.000 0.000 0.000 16.925
49.906 49.412 49.906 10.839 5.766 6.300 t0/..&2 ro4.744 10l.106 0.930 0.900 l.ol0 485.460
0.000 0.000 0.000 0.383 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.383
0.341 0.319 0.341 2.250 2.325 2.250 0.279 0.279 0.270 0.000 0.000 0.001 8.654
0.000 0.000 0.000 0.420 0.434 0.420 0.000 0.000 0.000 0.000 0.000 0.000 1.274

526.954 496.922 526.954 786.9M 794-410 872.458 r,367.274 t,286.43t t,t76.702 573.728 561.647 577.218 9,547.ffi2
0.000 0.000 0.000 0.000 0.000 0.000 0.122 0.154 0.272 0.000 0.000 0.000 0.548
0qg0 0.064 0.000 0.61b 0.527 0.510 0.000 0.000 0.018 0.000 0.2s5 0.040 2.033
0.000 0.000 0.000 0.360 0.372 0.360 0.000 0.000 0.000 0.000 0.000 0.000 t.ogz
0.000 0.004 0.000 r.287 0.000 4.400 35.150 12.080 6.200 0.000 0.180 0.270 59.571
0.000 0.000 0.000 0.000 0.000 22.400 93.550 57.800 216.800 0.000 23.880 0.002 4r4A32
0.000 0.189 0.000 0.224 0.000 0.073 50.163 50.026 48.080 0.000 0.t74 0.028 t48.95"r
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SHOVELNOSE GUITARFISH

SPECKLED SANDDAB

SPECKLEFIN MIDSHIPMAN

SPnfY DOGFISH

SPOTFIN CROAKER

SPOTTED KELPFISH

SPOTTED TTJRBOT

STRIPED KELPFISH

TOPSMELT

VERMILTAN ROCKFISH

WALLEYE STJRFPERCH

WHITECROAKER

WHITE SEA BASS

WHTTESEAPERCH

YELLOW SNAKEEEL

YELLOWFIN CROAKER

ZEBRAPERCH

0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.420 0.434 0.420 0.000
0.000 0.300 0.000 t.022 1.054 1.027 28.366
0.000 0.000 0.000 934.308 965.455 934.329 0.000
0.000 0.000 0.000 2.t00 0.000 0.000 6.060
0.000 0.000 0.000 0.000 0.000 0.000 0.013
0.000 0.009 0.000 0.224 0.093 0.090 0.000
0.000 0.000 0.000 0.000 0.000 0.0b0 0.000
0.000 0.000 0.000 rr.263 t0.632 13.489
0.000 0.000 0.000 0.023 0.000 0.000
0.930 1.052 0.930 0.851 0.000 0.140
0.000 3.050 0.000 94344 91.040 94.735
0.000 0.000 0.000 0.095 0.000 0.000
0.000 0.065 0.000 47.4s6 49.038 47.496
0.000 0.000 0.000 1.050 1.085 1.050
0.000 0.000 0.000 1.370 0.000 1.105
0.000 0.000 0.000 0.000 0.000 0.000

1.462

7.000 0.000

0.000 0.000

27.094 26.220

0.000 0.000

2.494 4.466

0.000 0.046

0.000 ' j0.000

0.000 0.000

2.657 2.634

0.000 0.000 0.000

0.000 0.000 0.000

7.000

1.274
0.000 0.507 0.000 85.590
0.000 0.000 0.000 2,834.091

0.000 0.552 0.000 1s.672
0.000 0.000 0.000 0.059

0.000 0.000 0.000 0.416

0.000 0.016 0.000 0.016
t.240 1.200 1.284 45.862

0.000 0.000 0.000 0.000 0.000 0.000 0.023

t4574 14.548 t2.994 0.000 0.470 0280 46.769

570.942 567.998 550.388 4.t23 4.232 5.049 1,985.900

0.598 r.324 0.,+60 0.000 0.717 0.000 3.194
t99.74 200.119 193.201 0.000 0.000 0.000 737.t20

0.000 0.000 0.000 0.000 0.000 0.000 3.185
70.07s 96.000 23r.700 0.000 0.746 0.116 40r.rr2

1.110 0.000 0.000 0.000 0.000 0.000 l.no

634.577 716.299 634.577 1,987.773 r,985.342 2,075.654 2,935.888 2,825.782 2,949.t86 613.468 638.179 62t.055 18,617.780

4-31



APPENDIX F.

Graphs of Temperature Curves for Fish Chases
at SONGS Units 2 znd 3 in 2000



Appendix F-l. Unit 2 Fish Ghase Temperature Curves.
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Appendix F-2. Unit 3 Fish Ghase Temperature Curves.

90
85
80
75
70
65
60
55
50

c9

Minutes into FC

+0?/0612000
-*04/1712000

04/21t2000
-i.- o6t0i/2000

-#07l08/2ooo

--{r- 08/1 9/2000
--{-* 09/2312000
- 1 1l18l2OOO
-'*-..'* 12t23l2ooo

to f.- o) cY) ro l.- o)c\r cD.$ (o N o o) P s

ai;;::::::::t::1
i it::jjiijjjir

{ilii,rii$
Fii-lillili::,il

rlrl,l,f' ..liiiHi',tliii!:ni::1:|,:ttti:i:!1i,i+i1,11;lirlliiljii j+,ill

:':.ii:r,ifiiii;iiliiiiiil

+-JJ



APPENDIX G.

Summary of Fish Released During Fish Chase Operations (By Species)



Appendix G. Summary of Fish Released During Fish Chase Operations (By Species)

CommonName

BARRACI,JDA

BARRED SAND BASS

BASKETWEAVE CUSK-EEL

BATRAY

BLACKCROAKER

BLACKPERCH

BLACKSMITH

BOCACCIO

BROWNROCKFISH

CABEZON

CALIFORNIA BUTIERFLY RAY

CALIFORNIA CORBINA

CALIFORNIA ELECTRIC RAY

CALIFORNIA GRI,JNION

CALIFORNIA HALIBUT

CALIFORNIA LIZARDFISH

CALIFORNIA SCORPIONFISH

CALIFORNIA SHEEPHEAD

CHI,JBMACKEFJL

CREVICE KELPFISH

DEEP BODYANCHOVY

DIAMONDTURBOT

DWAFSPERCH

ENGLISH SOLE

FINESCALE TRIGGERFISH

GARIBALDI

GTANTKELPFISH

GIANT SEABASS

GRASS ROCKFISH

GRAY SMOOTIIHOUND

HALFMOON

HORNSHARK

JACKMACKEREL

JACKSMELT

KELP BASS

KELP PIPEFISH

LEOPARD SHARK

MUSSELBLENNY

NORTIIERNANCHOVY

PACTFIC BUTTERFISH

PACIFIC CLMLASSFISH
.t,:

PACIFICSARDINE

PILEPERCH

Continued on nextpage

I 0.35 4 54.s

9 t.682 2 0.r2

65 5.383 l0 r.188

8 0.326

Unit 2 Fish Chase Unit 3 Fish Chase Unit 2 Heat teat Unit 3 Heat treat % Retumed % Retumed

Number Kgs Number Kgs Number Kgs Number Kgs byCount byBiomass

163 34.543 110

I 0.016 6 0.169 0.00% 0.00%

24.77 58 11.754 63 11.409 69.29/o 71.92%

3 0.012 9 0.173 0.00% 0.00%

0.42

100.000/0 100.00%

15 r.l2l 22.0V/o 32.28%

29 2.293 45.73% 5537%

34 0.345 72.5V/o 25.85%

3 0.029 0.00% 0.00%

40.AV/o 85.26%

58 2.705 14.75% 24.060/o

| 0.344 0.00% 0.00%

I 0.201 98.s9% 99.26%

| 12.2 50.00% 3.17o/o

17 0.133 0.00% 0.00o/o

5 0.813 ll.ll% 8.85%

24 2.659

60 3.003

22 0.59

I 0.003

3 0.14

46 2.736
2 0.81

ll 1.304 7

I  0.18

r  0 .17

42 4.817

I 0.25

36 8.36 104 25.12 1 0.048

1 0.4

60 0.831

3 1.04

J

?s
I 0.05

3 0.73 45

22 3.74 l l l

3 0.t22

t7 2.r5r

2 0.t3

0.35

I

I

244 5.337 394

180 12.981 295

t6 0.063 37

5 0.008 3

1 0.248

296 15.504 162

2 0.044 I

29 3.431 15

2 0.433 2

29

J

97 1.538 212

100.00% 100.00%

1.485 57.28% 58.63%

0.738 20.00o/o 17.59o/o

2-l2l 6.450/o 5.78o/o

0.015 0.00% 0.0V/o

2.995 0.00% 0.00%

100.00% t00.00%

0.01 0.007o 0.00%

0.008 0.0U/o 0.00%

5.36 20.No/o 21.tr/o

100.00% 100.00Plo

0.663 22.22o/o 27.94%

85.71% 76.780/o

0.03

2.165

I1.095

r8.49

4.096

0.008

0.00% 0.00%

100.00% 100.00%

75.Wo 96.630/o

66.67% 69.7f/o

0.160/o 0.3V/o

9.18o/o ll.94o/o

7l.5lo/o 88.22o/o

0.00% O.Wo

100.00% 100.00%

0.0v/o 0.00%

12.88o/o 31.26o/o

1.92o/o

0.00%

1.65%

0.00%

2.960/o

0.00%
9.238 3.58o/o

0.383 0.00o/o

1 .9

)
)

3
r 0.33
11 0.27 5 0.44 37 1.168 19

6 63.5 | r9-2

2 0.188

2 3.25

0.86

3.538

27.415

0.3
5 o.al

2460 28.305 3232 31.739 1743 16.109 36749 115.932

3 0.034 I 0.03 54 0.965 150 2.846

l ^
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Continued from previous page

Common Name

PIPEFISH

PLAINFINMIDSHIPMAN

QT.JEENFTSH
ROCKWRASSE

ROCKFISH

ROCKPOOLBLENNY

ROTJND STINGRAY

SALEMA

SARGO

SENORITA

SHINERPERCH

SHOVELNOSE GUTTARFISH

SMOOTIIIIOTJND

SPECKLEDSANDDAB

SPECKLEFIN MIDSHIPMAN

SPOTFINCROAKER

SPOTTED KELPFISH

SPOTTED TTJRBOT

STAGHORN SCULPIN

STRIPED KELPFISH

TOPSMELT

VERMILIAN ROCKFISH

WALLEYE SIJRSPERCH

WHITECROAKER

WHTTE SEABASS

WHITE SEAPERCH

WOOLYSCULPIN

YELLOWFIN CROAKER

ZEBRAPERCH

Totals

970

6

3 r . 2  I
1698 126.484 70t2
1621 510.838 5422

2
2 6 7
l  0.1

t2 5.17
75 38.83 932

I

I

3 0.r2t 46

I 0.01

32 0.85 26

196 5.76 291

5 4.14 30

6 0.148 3

140 48.75 2189

tt7 70.2 37

7739 947 24919

0.1
476.962 608 42.644

1334.392 ll'79 295.432

13 0.255

0.06 226 3.169

2 9 r 4

989 59-571
16t2 4t4.432

t45 t.757
) 1

7 2.088
32 15.672
4 0.059
lt 0.143

2 0.016
183 7.199

3 0.023
225 5.031
1528 28.34
25 3.194
40 0.689

l18l 40t.tt2
2  t . t l

62249 1670

100.00% 100.00%
84.51% 85.51o/o

71.62% 72.22o/o

0.0V/o 0.00%

0.54o/o 1.20o/o

75.00o/o 76.090/o

100.00% 100.00%

0.00% O.No/o

54.55o/o 59.620/o

96.36% 96.660/o

0.007o 0.00%

3.85% 41.75o/o

100.00% 100.00%

0.W% 0.00o/o

s.65% 7.63%

25.Wo 30.3V/o

12.39/o 13.7f/o

14.14% l7.A0o/o

54.69% 71.99o/o

11.39f/o 26.080/o

0.00% o.wo

&.48% 63.250/o

96.25% 96.260/o

30.11% 64.52o/o

Unit 2 Fish Chase Unit 3 Fish Chase Unit 2 lleat treat Unit 3 Heat treat o/o 7o Returned
Returned

Number Kgs Number Kgs Number Kgs Number Kgs by Count by Bionass

4 0.004 I 0.001 0.00% 0.M%

I 0.1 5 1.076 16.67% 8.50%

26.796 5,238.00 65.824 6056 155.823 17732 512.091 20.7V/o 12.18%

0.85 3 0,.1 l8 2.426 
':5 

0.548 28.13% 24.21%

0.13 I 0.002 66.67% 98.48o/o

40 0.274 193 0.486 0.00o/o 0.0V/o

488.385

0.2
0.02

2.34

0.67 185 4.475

5.966 t428 28.901

9.839 4 2.246

0.25 30 0.439

I 0.003

697.7t5 t02 32.637

20.26 4 2.4

3371 t3567 705

7 0.015

3 r.414

6 2.518
2 0.008
14 0.136

3 0.031

635 22.615

l
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